We present the 1st estimates of density of the Solitary Tinamou (Tinamus solitarius (Vieillot, 1819)) in the Reserva Natural Vale (RNV), one of the two largest remnants of the Atlantic Rainforest in the State of Espírito Santo, Brazil. We also modeled the spatial distribution and habitat use of the species using occupancy and detectability modeling. We used a line-transect survey to estimate density and abundance, and camera-traps to estimate habitat use and activity pattern. We conducted the survey within a 13-month period (April 2013 to May 2014). Estimated density was 9 ± 2 individuals / km 2 and estimated population size for the entire RNV was 2115 ± 470 individuals. Occupancy was best described by the: distance to forest edge; distance between trees; poaching intensity; and understorey cover. Detectability was affected by the: distance between trees and poaching intensity. We conclude that in the RNV, the near-threatened T. solitarius is a diurnal species preferring intact closed-canopy forest but tending to avoid areas near to forest edges or areas under comparatively high intensity of poaching. These results reinforce the importance of RNV as a source of resource to T. solitarius reproduction at Brazilian Atlantic forest remnants.
Introduction
The Atlantic forest spreading along Brazil, northeastern Argentina, and eastern Paraguay, is one of the world's top five biodiversity hotspots (Myers et al. 2000) and one of South America's highest priorities for bird conservation (Stotz et al. 1996; Stattersfield et al. 1998) . In Brazil, only about 11% of the original area covered by the Atlantic Forest still remains (Ribeiro et al. 2009) . Birds species that occurs in this biome are subject to different threats such as high grade logging (Aleixo 1999) , impact of roads (Kuitunen et al. 1998; Develey and Stouffer 2001; Clevenger et al. 2003) , poaching (Chiarello 2000; Hill et al. 2003; Nunes et al. 2012) , habitat loss and habitat fragmentation (Anjos 2006; Loures-Ribeiro et al. 2011 ), all of which have led to local extirpations of formerly common species such as the Drab-breasted Bamboo-tyrant (Hemitriccus diops (Temminck, 1822) ) and the Pheasant Cuckoo (Dromococcyx phasianellus (Spix, 1824)) (Willis 1979; Christiansen and Pitter 1997; Ribon et al. D r a f t 4 available on the species are restricted to anecdotal data found in bird guides and in handbooks, with only few studies concerning aspects of its ecology (e. g. Bokermann 1991; Sick 1997; Brooks et al. 2004; Schelsky 2004; Sigrist 2009 ).
Tinamus solitarius is considered as a Near Threatened species according to the IUCN Red List of Threatened Species, but the T. solitarius populations could be a threshold for classification as Vulnerable because a moderately rapid and on-going population decline is suspected (BirdLife International 2016) . Tinamus solitarius currently survives in few forest fragments mostly due to poaching and habitat loss impacts (Dinerstein et al. 1995) , and has been the subject of reintroduction projects in the wild, such as those in the state of Minas Gerais (Bokermann 1991; Sick 1997; BirdLife International 2016) . Tinamus solitarius is mostly found in lowland humid forest up to 1,200 m, preferring intact closed-canopy forest with little undergrowth (Cabot et al. 1992; Parker et al. 1996) . It is supposedly susceptible to forest fragmentation, but there is Paraguayan population surviving in a small area of degraded forest, and the species has also been seen regularly in secondary forest in one site in Argentina (Cabot et al. 1992; Chebez 1996; Lowen et al.1996) . According to BirdLife
International (2016) the population status of the species in its geographical distribution remains a gap, and Stotz et al. (1996) described this species as 'uncommon'.
To provides additional tools for the conservation of T. solitarius, our study presents the 1st estimates of density of the species in the Reserva Natural Vale, one of the two largest remnants of the Atlantic Rainforest in the State o Espírito Santo, located in Brazil. By using occupancy and detectability modeling, we could model the spatial distribution and habitat use of the species, from which we predicted the direction of response of six covariates based on prior knowledge of T. solitarius ecology (Bokerman 1991; Cabot et al. 1992; Lowen et al. 1996; Sick 1997) . We tested the hypothesis that D r a f t 5 occupancy probability would be higher in sites with primary forest cover. We also hypothesized that detectability would be higher in sites with lower influence of poaching and greater distance from forest edges.
Material and Methods
Study area. (Buckland et al. 2001) , using the RAPELD protocol (Magnusson et al. 2005) . RAPELD is a technique that seeks to standardize the collection of biological data and aims to develop methods for long-term ecological research (PELD) and allow rapid inventories (RAP -Rapid Assessment Program). Transects were separated from one to another by a minimum of 4 km of distance.
During a 13-month period (April 2013 to May 2014), transects were surveyed using distance sampling techniques (Buckland et al. 2001) . Each month, transects were surveyed twice by a single observer starting at sunrise (between 0530 and 0630 h). The observer waited 3 h before starting the afternoon survey, between 1300 and 1400 h. The observer walked transects at a speed of approximately 1 km/h. Transects were surveyed twice a month with the order being alternated each month.
For each sighting, we recorded the perpendicular distance of the animal from transect using a measuring tape, the length of transect walked to that point, date, timing of the record, and transect number. We did not consider the detections by hearing due to the lack of precision to measure the perpendicular distance. We did not used any approach to avoid double counting of T. solilarius individuals. Thus, some individuals may have been counted twice, therefore biasing some of the estimates.
Camera trapping. ---We selected 39 sampling sites using a systematic random design stratified by vegetation type to ensure that all 4 of the principal vegetation types found in the RNV were represented. This scheme was designed to model occupancy D r a f t 7 probability of the RNV by the T. solitarius, as well as to register its respective circadian activity. We placed a random grid over a digital map of the Reserve and identified the sampling points by selecting grid cells.
First, in each selected grid cell, we located randomly one camera trap per grid cell. We did not use bait to attract individuals of T. solitarius. This approach resulted in a relatively even distribution of points within the RNV, while maintaining independence among points, which were separated from one another by a distance of more than one km (Magnusson et al. 2005) . Occupancy Model Covariates -We used the six covariates to model the occupancy probability and detectability of T. solitarius: distance to forest edge (in meters; edge); distance between trees (in meters; tree); poaching intensity (in n/hectare; poach -see below for details of estimation); canopy cover (in percent; canopy); understorey cover (in percent; under); distance to water resources (in meter; water).
At each sampling point, we established four plots (30 x 50 m) arranged by the cardinal compass points (north, south, east, and west). In each plot, we measured the diameter at breast height (DBH) of each tree and counted the number of large trees (DBH > 50 cm). For all the plots, canopy cover was estimated with a convex spherical densiometer, and using digital camera images. In addition, ocular estimates were used in the comparison. Understory cover was measured along the central ( Three spatial covariates -distances from forest edge, water resource, and road were quantified for each of the 39 sample sites using the ArcGIS software (ESRI*ArcMap 10.1, Redlands, California).
Intensity of poaching within the study area was calculated using the georeferenced database of a 10-year period in which poaching events were recorded by the reserve's security guards (source: Reserva Natural Vale). The density of poaching (records per km²) was calculated for each grid cell in which a camera trap had been installed by dividing the number of records by the grid cell area.
Data analysis
Density and population size.---Density and population size were estimated by total number of individuals observed along each trail through the program DISTANCE 6.2 (Buckland et al. 2001 ). Distance program 6.2 uses the perpendicular distances (animaltrack) to estimate effective strip width (ESW) in the study area and model the detection function that best suits the probability of detection of an animal at a given distance track (Laake et al. 1994; Buckland et al. 2001) . The best detection model is selected by the Akaike Information Criterion (AIC), which originates from the minimization of information (or distance) of Kullback-Leibler (KL) as a basis for the selection of models (Akaike 1973) . The KL information is a measure of distance between the true model and a candidate model. The real model is an abstraction often being desirable to obtain a good model to satisfactorily represent reality. Burnham and Anderson (2002) recommend using the AIC to select models only when the number of observations is greater than or equal to 60. This minimum number of observations allows for accurate estimates.
D r a f t
Occupancy and detectability models. ---We classified the total camera trapping data (200 days) using 40 occasions consisting of intervals of 5 consecutive days each based on the Mackenzie et al. (2006) approach to constructed a reliable detection history. We estimated site occupancy (Ψ) and detection probability (p) for the species, with three possible outcomes: (1) the site was occupied and the species was detected (Ψ x p); (2) the species was present but not detected (Ψ x [1-p]), and (3) the species was not present and therefore was not detected (1-Ψ).
We estimated detection probabilities based on detections obtained from each site in 40 occasions. The probability was the parameter projected by a maximum likelihood estimation of the proportion of sites occupied (Ψ) during the sample period.
In our occupancy analysis, we assessed the covariates that might affect occupancy and detectability, to identify a pattern of habitat use for the T. solitarius. We constructed a set of candidate models for the species, which were selected by a priori hypotheses based on three different approaches: (1) considering occupancy probability and detectability as constant across all sites, (2) considering the variation in occupancy as a function of covariates, and (3) considering both the variation in occupancy and detectability as a function of covariates. This allowed us to evaluate if the differences in habitat use were determined by a single covariate or a set of covariates, which would contribute to an improvement in the model's performance. All models were screened for collinearity using a correlation coefficient of 0.5.
Using the camera-trap data, single-species, single-season occupancy models were created using the UNMARKED package in Program R (Fiske and Chandler 2011) .
Top models were selected using Akaike's information Criterion adjusted for small sample size (AICc). All models with a ∆AICc value < 2 were equivalent. To choose the best model for test our hypotheses, we also used the weight (AICwt) for each model, D r a f t which corresponds to the amount of evidence in favor of a given model. We performed 2000 bootstraps to assess the adjustment fit (z) and the over-dispersion parameter (ĉ).
Circadian activity patterns. ---We used the set of times that the species was photographed to estimate the circadian activity patterns of T. solitarius. We used a conditional circular kernel density function to estimate the circadian activity (OliveiraSantos et al. 2013 ). This circular kernel had the same features as the home range kernel estimator, including a smoothing parameter and a conditional density isopleth, defined as the threshold of probability that specifies the section of the function that accounts for a given proportion of the entire probability function (Oliveira-Santos et al. 2013).
Analyses were conducted in the "Circular" package in R with associated analytic packages (Lund and Agostinelli 2007) . Circular summaries (Lund and Agostinelli 2007) were used to determine the mean overall timing of the activity as recorded by camera traps.
Results
Density and population size. ---908 km of the four selected transects were surveyed 196 times in this study (Table 1) 
D r a f t
Occupancy and detectability models. ---A total of 7,020 trap-days were conducted during the study. We obtained 580 independent detections of T. solitarius and observed the species in 19 of the 39 sites, which resulted in a naïve occupancy of 0.487 and a detectability of 0.28. From the 32 occupancy models produced (Table 2 showing the 20 top models), the best model to predict occupancy and detectability was "Ψ(edge;tree;poach;under;canopy);p(tree;poach)". D r a f t was active at dawn and early in the morning between 0400 to 0930 h, and at the late afternoon to dusk between 1630 to 1800 h.
Discussion
The T. solitarius density, estimated for the Reserva Natural Vale (RNV) through line transects, is the first estimate for the Atlantic Forest and showed a coefficient of variation below 20%, which is the maximum value recommended to obtain reliable estimates (Buckland et al. 2001) . This means that the density estimated serves as a starting point for monitoring T. solitarius in the RNV and other areas that the species still remains. The density estimated in our study area (9 individuals / km 2 ) is higher when compared to the study of São-Bernado (2004) Individuals of T. solitarius in this study was only recorded in camera-traps located in primary forested areas, presenting a strong relationship with covariates that were directly related with forested habitats and avoiding areas near to forest edges. Our results corroborate that the species prefers intact closed-canopy forest with little understorey coverage and more sparsed trees (Cabot et al. 1992; Parker et al. 1996) .
Conversely, Kuhnen and collaborators (2013) studying habitat use by the species in Serra do Tabuleiro State Park in the state of Santa Catarina, Brazil, found that the species uses areas of secondary forest, but maintained its dependency of areas with relatively higher canopy coverage. Kuhnen and collaborators (2013) argued that the higher occurrence of T. solitarius in secondary than in primary forest may be explained by the presence of a thick carpet of bromeliads on the primary forest floor, which could possibly hamper the search for food, which it is not the case of the RNV. The primary forests of the RNV presents a dense canopy cover and open understorey cover.
Understorey birds, such as tinamous species, are highly sensitive to forest fragmentation, and seem to avoid areas under edge effect (Anjos 2006; Loures-Ribeiro et al. 2011) . Furthermore, increases in forest edge areas may change the movements of the understorey birds, especially of those living in their interior (Hansbauer et al. 2008 ), D r a f t 14 which tend to avoid forest edges and clearings. Our data suggest that changes in local conditions may have been preponderant concerning the distribution of the T. solitarius.
Many bird species are intolerant to high levels of light and tend to avoid edge areas (Laurance et al. 2004) . Among Amazonian understorey birds, factors, such as the evolutionary history of species, structural change of environment and traffic-related disturbances, are determinants of edge avoidance (Laurance et al. 2004 ).
In addition to sensitivity to forest fragmentation, T. solitarius avoided areas with high intensity of poaching in the RNV. In fact, poaching is known as one of the major impacts on this species (BirdLife International 2016). Tinamus solitarius is poached for subsistence consumption and bushmeat market (Chiarello 2000; Hill et al. 2003; Kierulff et al. 2014) , and for illegal trafficking of species (Nunes et al. 2012) . In the Atlantic Forest of Paraguay, T. solitarius was the most poached bird species in a period of 7 years (Hill et al. 2003) . Poaching impact on vertebrate populations is imminent, and this tend to lead to a defaunation scenario that may result in unbalanced ecosystems (Dirzo et al. 2014; Young et al. 2016) , and this impact may be even higher in populations of endemic and fragmented species (Hall et al. 2008) , such as T. solitarius.
The individuals of T. solitarius showed a diurnal activity in the RNV. The daily activity of T. solitarius in the RNV for the present study was similar of that of previous estimation carried out in the same locality by Dias et al. (2016) , and similar to that obtained in the study conducted at the Serra do Tabuleiro State Park (Kuhnen et al. 2013 ).
We conclude that in the RNV, the near-threatened T. solitarius is a diurnal species preferring intact closed-canopy forest which tending to avoid areas near to forest edges or areas under comparatively high intensity of poaching. distance to forest edge (in meters; edge); distance between trees (in meters; tree); poaching intensity (in n/hectare; poach); canopy cover (in percent; canopy); understorey cover (in percent; under); distance to water resources (in meter; water). Ψ = occupancy, p = detectability, AICw = Akaike weight.
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